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2from spontaneous emission of state jei, which would be
much weaker than its counterpart in a single dot due to
the hole largely locating in another dot. Regarding the
external electric eld, its thermal uctuation (the John-
son noise) may cause additional dephasing. To avoid it,
the electrodes that generate the electric eld can be con-
nected to a superconductor, which can remove the ther-
mal uctuations since there is no dissipation. In the fol-
lowing, we briey show how to implement the universal
quantum gates, then present more detailed analysis for
decoherence versus operation time.
For single qubit operation, turning on a laser eld with
frequency !
L
on resonance with the energy dierence be-


















is the Rabi frequency. Utilizing this interac-
tion, arbitrary single-qubit operations can be performed.
To realize the universal gates for quantum computation,
two-bit operation such as the controlled-NOT (CNOT),
or equivalently, conditional-phase-shift (CPS) gate, is
necessary. To this end, we suggest to employ the cav-
ity photon to virtually participate in qubit operation,
which can eectively couple the two performed qubits
together. Specically, two lasers selectively act on two
qubits (the jth and kth ones), both with frequency ~!
L
being o-resonance with the transition energy between









To avoid real excitation of the cavity photon, Æ
1
should
slightly dier from the detuning of the cavity phonon fre-











. Under the laser pulse action,





















































) is the op-
tical coupling strength between j~ei and jvi (jei) due to
the laser (cavity photon) eld. To implement CNOT or
CPS gate, we need to establish a near two-photon reso-















. Under this con-
dition, and assuming that
~





the cavity photon linewidth, the cavity-photon coordi-
nate in Eq. (2) can be eliminated, and a two-bit eective







































Æ. Here we have in-
troduced the Pauli matrices to denote state transition,

+
= jeihvj and 
 
= jvihej. Similarly, we can also intro-





=  ijeihvj + ijvihej, and 
z
= jeihej   jvihvj. In
this way, the present system can be completely mapped
to a spin model, for both the single qubit rotation [c.f.
Eq. (1)], and two qubit coupling [c.f. Eq. (3)]. With this
mapping, the gating technique based on spin interac-







. Below we show that the nontrivial two-bit
operation such as the CPS gate can be realized by com-
bining H
int
with one-bit operations. Note that the in-














(t). With this, the CPS gate can be














































































, and other basis states are kept unchanged (with
no phase shift). The more familiar CNOT gate is as-






















=4) is the Hadarma
gate acting on the kth qubit.
To carry out an analysis for QC operation, we need to
specify the electronic states further. In two-level approx-
imation, jei and j~ei in Fig. 1 are resulted from coupling
of the two isolated dot states jdi and j
~
di with coupling






the highest two valence band states, similar treatment







































). With this state nature in mind,
we below estimate the decoherence and operation time
in order.
As have mentioned previously, the qubit decoherence
time (
d
) is characterized by the spontaneous emission


















) , where !
q
is the





is the perturbative matrix element. For logic gate op-
eration, the time scale (
G




between jei and jvi via the external
laser eld, and H
(C)
I
between jei and j~ei via the cavity
photon. In terms of matrix element of the interaction







jv(~e)i. Due to the spatial separation
of state jei from jvi and j~ei as shown in Eq. (5), com-
pared to the corresponding counterparts in single dot,
3the spontaneous emission rate will be reduced by a fac-






will be reduced only by
p
. As





by a factor  1=
p
. Similar conclusion has been quan-
titatively demonstrated by numerical calculation in Ref.
10.
Further, as an order of magnitude estimate, assume




= 10 meV. Ac-
cordingly, the spatial separation factor  = 10
 6
. For






= 0:1 meV; and for the intra-dot state





= 300 MHz is adopted
6,12
. To avoid real occu-
pation on the state j~ei, detuning Æ
1
= 1 meV is as-
sumed between the laser frequency and the energy dif-
ference between j~ei and jvi. With these parameters, the




















plying a time scale of hundreds of nanoseconds. For





































' 30 KH, and
g
e
' 10 KHz. Accordingly, the two-bit gate such as
Eq. (4) can be accomplished within time scale of 10
 3
sec.
For the spontaneous emission, due to the CQED eect
and the possible dark state feature in certain symmetrical
QDs
11
, the intra-dot interband radiative lifetime can be
regarded longer than tens to hundreds of microsecond.
Therefore, the qubit decoherence time can be as long as









to the spatial separation of the qubit states. Within this
time scale, the single bit rotation can be performed as
high as 10
8
times, and the two-bit CNOT gate can be
performed about 10
4
times. We notice that the operation
quality presented here, say, the decoherence time and
computing speed, is comparable to the well-known ion-
trap QC model
13
. As an interesting comparison, under
the same interaction and relaxation strengths as assumed
above, if the qubit is constructed from single quantum
dot, the coherent operations can be only,  10
5
for one-
bit rotations, and  10 for the two-bit CNOT gate.
In summary, we have proposed a scheme to build up
high coherent solid-state qubit from a pair of quantum
dots, and to implement the univeral quantum gates by
coupling qubits via virtually exchanging cavity photon.
The central challenge to realize the proposed QC scheme
is the development of few-mode THz cavities with ex-
tremely low loss. An attractive candidate is the dielectric
cavities, which is currently an intensive research eld.
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